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(See Sections 7, 54 and 135 and rule 33 A) 
We, RANBAXY LABORATORIES LIMITS-IT. * n 

Companies Ac, 1956, Corporate Office at 19, NeSace! New Si ^ZTLT* *" 



hereby declare - 



^rthe preparation 

LORACARBEF " PYRROLIDONE MONOHYDRATE SOLVATE OF 

*at the Provisional Specification relating to this inventionis flIed wlth ^ 
that there is no lawful ground of objection to the grant of a patent to us. 
Further declare that the inventors for the said invention are 



$ a - YATENDRA KUMAR 

b. NEERA TEWARI 
c. 



| c. HASHIM NIZAR POOVANATHIL NAGOOR MEERAN 

d. BISHWA PRAKASH RAI 

e. SHAILENDRA KUMAR SINGH 

of Ranbaxy Laboratories Limited. Plot Nn ?r» ' ,o t TJ 

Gurgaon- 122001 (Haryana), JE*S ^ Nationals" ' ^ """"W ^ 

That we are the assignee or legal representatives of the true and first inventors. 
That our address for service in India is as follows: 

DR. B. VUAYARAGHAVAN 
Associate Director - Intellectual Property 
Ranbaxy Laboratories Limited 
Plot No.20, Sector- 18, 
Udyog Vihar Industrial Area, 
Gurgaon - 122001 (Haryana), INDIA 
Tel. No. (91-124) 6343126- 6342001 - 10- 8912501 in 
Fax No. (91-1.24) 6342027 ' * JU50l - W 
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'••Ubv. i, Jj3 declamriou was given by the inventors in fho convsnlior, couniry: 

YATENDPA KUMAR, NRERA TEWARI HASHlfvi W7* (> rw/Mn run 
JlAGOOft MEERAW, BISHWA PR.AKASH RAU SANDRA KUM A R^H " 
!.--,ha::y Laboratoiiw Limited, Plot No. ?o ^.or I" n.v- f P, • 

; - ; o , ^; Ion ^ U °n ,^7, d^lare that the upplicama herein, P^nb^y L-i Vo^ri,, 
u. m,d, 19. Nehru Place, Now Dclb, - 1 10 019, , ndja . is c , r njsjgnce Qr ^ 4,,,,,,^^,, 

U YATEM DRA KUMAR) 



h. 



c. 



(NEERA TEWARI) 



.hi; 
this 



( H^iJ^EAifPOOVANATHIL NAGOOR ME ERA] ! ) 
(BISHWA PRAKASH RAl) 

C j f , 

(3H/- iLEI l;;iiA KUMAfl SJl iG}« ) 

?. Th ; .t to lb* Leoi of <-r teowfcd^., htfnm^on m& belief Jh* fc*l snd melted sanH ». 

ap|SrS ,VUU ^ 13 n ° '" Wai1 gFO?md ° f ot ^ ction to *• Smnt of palral : to\u on" 

3. Following* are the attachment with the ^plication: 
Provisional Specification {3 copies) 
1>. Drawings (3 copies) 
c. Statement and Undertaking on FOPivf - 3 

d FfcC p ^5,000A(K\ipc^ Five Thousand only..) in cheque hearing Mo. 
dated 30 J.I .2002 on ANS Crtudtayn Banfc, Mew Ddbt 

Wo request that a patent moy be grouted to us for the said invention. 
D;«i*vithic 9™ day or DKCEMiBEJR, 2002. 
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RAN8A2CY LABORATORIES LIMITED 
1S, NEHRU PLACE, NEW DELHI - 110019 

(A Company incorporated under the Companies Act, 1956) 



The following specification particularly describes and ascertains the 
nature of Shis Invention and the manner in which \l is to be 
performed: 



The p--. sent h/cntiori relates to a pjocess for the preparation of mono-N-mcfhyl pyrrolidine 
moi «..!•: : >.\lrate solvate of loracarbef, a con venient intermediate for preparing loracarbef. 

Loiacarbef is a • h«;iic |5-Iactam antibiotic of the carbaeephem class for oral administration. 
1 or ..:;>. Ir. i i- ;V<:-,;. -sod by Hashimoto ct al., in U.S. Patent No. 4,335,2 1 1 . 

Huattiiiuto et al has disclosed a class of 1 -carbacephalosporins having desirable antibiotic and 
oral activity characteristics. These compounds have been evaluated for the iieturneiif of various 
conditions such as common upper and lower respiratory tract infections caused by the pathogen 
Mii^ibienza. One such compound, 7-(E)-phenylglycinrmido-3-chloro - i -Gzabicyclo[4.2.0]oci-2- 
ene-3-one-2-carbo;;yiic acid, known as Loracarbef, has shown activity against a broad spectrum 
of bacteria in laboratory tests. Loracarbef has proven to be a relatively stable compound, which 
exhibits high blood levels and relatively long half-Hie. 

Loracarbef is chemically (6R f 7S)-7-[(R)-2-amiiio-2-phenylacstaniido]-3-chloro-S-oxo-l - 
azsWcyclo [4.2.0]ori-2-cno-carbosylic acid, mouoliyditrto having struclur.il formula 1 as shown 
in the accompanied drawings. 



' b eu isolated \n "srioua forms, including the cry-talline monohydrats form 

' ■ ;i '•■ ■ disclosed in Hie European patent publication HP 0311,30k'. Oih*r solvate 

Jbuns oi'thc compounds known are bis (BMf), dihydrato mono(DiViF) and mono (DMF) forms 
and are disclosed in US Patent Mo. 4,977,257. The crystalline dihydralc form of loracarbef is 
disclosed in European patent publication, EP 0369.606; crystalline anbydraie form of loracarbef 
disclosed in US Patent Ho. 5,530,977, which is converted io crystalline monohydrate having 
specific bulk density. 

The solvates retired above arc convenient intermediate for preparing lonicaibftf in general and 
to the monohydrate fonu of loracarbef specifically. Accordingly, methods for the total synthesis 
of these promising compounds and intermediates to these compounds are highly desirable, 
particularly -methods, which are adaptable to large scale manufacture, and result in high yields 
and reduced coci of manufacture. 



it is a well known lad that in order to formulaic a bulk po.nU.ci it is critical ihat the compound 
intended for pharmaceutical use lo have sufficient density such ihat the product could be 



formulated for pharmaceutical use. For loracarbef monohydrate, a density of greater than or 
equal to O.o g/ml is desired in order to facilitate the formulation of the bulk product. 

As per the process described in EP 0,369,686, the crystalline monohydrate form of loracarbef 
may be prepared by first suspending loracarbef dihydrate in water and then effecting solution by 
the addition of acid followed by the adjustment of the pH with base, or by the addition of base 
tollowed by acid. The resultant loracarbef may be crystallized and then isolated by filtration. 

However, this process is considered commercially unattractive because it yields loracarbef 
monohydrate in the form of a fine, fluffy powder with a density of approximately 0.2 g/ml This 
den SI ty renders the bulk product, loracarbef monohydrate, very difficult to formulate. Since this 
compound , is intended for pharmaceutical use, the ability to formulate the bulk product is 
cnfical. For loracarbef monohydrate, a density of greater than or equal to 0.5 g/ml is desired in 
order to facilitate the formulation of the bulk product. Thus, it was necessary to improve the 
process of EP 0,369,686, in order to obtain a bulk product with a sufficient density such that the 
product could be formulated for pharmaceutical use. 

What is needed in light of the above difficulties is a process for prepanng crystalline loracarbef 
monohydrate with specific bulk density in a more efficient manner. 

The present invention provides an efficient process for preparing loracarbef monohydrate having 
the desired bulk density. 

The first aspect of the present invention is directed to the process of preparing mono N-methyl 
pyrrolidone monohydrate solvate of loracarbef having the X-ray powder diffraction pattern 
listed m the Table as specified in the Example. 

Another aspect of the present invention is directed towards the facile conversion of mono N- 
methyl pyrrolidone monohydrate solvate of loracarbef to loracarbef monohydrate that results in 
a commercially desirable form of the bulk product. 

Yet another aspect of the present invention is directed towards a process for preparing crystalline 
loracarbef monohydrate having a bulk density greater than or equal to 0.6 gm/ml. 



Acconlins'y, the present invention provides process for the preparation of mono- N-mefhyl 
pyrroli-onc monohydr:^ solvate nf !or?c rb«r 0 f structural formula FT as shown in the 
rox'fi.j- miecl drawing. The process, comprises inkling Ihe compound of formula III wherein 
Ri is hydrogen, trihalo fC r C 4 alky!) , C, -C, nifcyl, C r C 4 substituted allryl, C r C.j alkoxy, C1-C4 
subs<Ur,led all:o;;y, C r C, alkyKhn, C r C 0 substituted alkyiihio, methoxy methyl, carbamoyloxy 
mctir/l. acoto;;ymcthy1, Ci-G> alkonyl, C 2 -Cf, substituted alkenyl, or halogen such as bromo, 
ch!cr o, ftuoro, and iodo; R 2 is a carboyy-proiccting group with N-methyl pyrrolidone and a 
cyclic amine base containing 0-1 oxygen atom:, or dimethyl benzykunine, to form Ihe free amine 
of Uic compound of formula IV and thereafter, without isolating thn free amine, mixing the free 
^mine with an aeylating agent of the formula V wherein R3 is an amino protecting group and 
Ju IS Vt leaving group. 

The term "carboxy-prolecting group" refers to one of the ester derivatives of a catboxylic acid 
group which is not slerically hindered and are commonly employed to block or protect the 
caiboxyltc acid group while reactions are earned out on other functional groups on the 
compound. Examples of such groups are ally I, alkyk b:nzyl and substituted benzyl groups, silyi 
group and halo-substituted a li. :y l groups su^b as the 2,2,2-tricbloroethyk 2,2.2-tribromo^lhyl, 
tend 2-&odoe(iiyl groups, fuitV T rv >z,:*r.>\ of these groups are found in E. H&rJam, "Protective 
C;ouj..F m organic Cl*w> r y\ t j u r K McOir-;e. Ed., Plenum Press, Hcjw /or!:, MY., 1973, 
Chaj-.ir«- 5, .v,nd T. W. Gscae, 'V^icc* Oioup:; in Organic Synthesis", John Wiley and Sons, 
"New York, NY, 1981, Chapier 5. A preferred ester group is the 4-rulrobenzyl group. 

The term "ammo-protecting group" refers to substituents of the amino group commonly 
employed to block or protect the amino functionality while reacting other functional groups on 
the compound. 

The amino protecting group R 3 of Formula V is selected from either the carbamates such as l- 
buto'cycaibonyl or benzyloxycarbonyl, or the enamines. Preferred amino-proteciing group?, are 
the l-butoxycarbonyk phenoxyacetyl, and enamines derived from (d-O alky!)acetoaceiate 
groups. Similar ami no-pio tec ting groups uued in ihe cephalosporin, penicillin :.md peptide art arc 
also embraced by Ihe ulu've term:.;. Furiher camples of groups referred io by the nhovo lows 
are described by J. vV. L^rion, "i-'roicoiive Groups in Chgimie Chunisuy", J. G. V/. iVicOmi.j. 
Ed., Plenum Press, New York, MY, 1973, Chapter 2, and T. W. Greene, "Protective Groups in 
organic Synthesis 11 , John Wiley ami Cons, Mew York, MY, 198 1, Chapter 7. 



fhe ten, "leaving gr„ up .. means , leaving ^ ^ ^ ^ 

leave, allowing ,he free amine ,o bond to Ihe carbony, group. Leaving groups inelude those 
where L ,s of ihe formula VI where R, is C,-Q alkvl, or L is CI, Br, !, active eaters such as p- 
mtrophenyl; the adducts ofdicyclohexylcarbodiimide. 

The base.used is se.eoted from the group consisting of 5 or 6 member* tertiary cyclic amutes 
whtch may contain an. oxygen atom, or dimethyl benzylamine. Preferable tertiary eyc.ic amine 
bases are N-methyl morpholine (NMM) and N-methyl piperidine (NMP). He base is preferably 
m an amount of between about 1 to 1.3 molar equivalents, and most preferably a, about 1 13 
molar equtvalenta. Preferably N-methyl morpholine (NMM) is used. 

The hydrochloride salt of formula m is prepared by the process described in the European 
Patent Application 0266896. 

In fonning the free amine (IV) a sufficient amount of base is added to the hydrochloride salt to 
neutrahze the compound and form the free amine. In the preferred method for producing the free 
amme, the hydrochloride salt (HI) is neutralized by adding it to a stirred mixture of N-methyl 
pyrrohdone of such a volume that the final solution will be about 0.5M, and between about 1 to 
1.3 equivalents of N-methyl morpholine (NMM), at ambient temperature. The mixing initially 
occurs at room temperature (20°C) for a time between about 10-20 minutes, and then it is cooled 
to a temperature of between about -5 to -10°C. 

The mixed anhydride of formula V is prepared by adding about 1.2 equivalents of the Dane salt 
(Et, K)-2( R)-2-phenyl-(2)-ethylbert-2-ene-3-yl)amino)acetate of Formula VII (which may be 
prepared according to the procedure of Dane et al, Angew. Chem., Vol. 74, 873 (1962), with a 
volume of N-methyl pyrrolidone sufficient to result in a concentration of about 0.25M, and 
stirring the mixture at ambient temperature for 20-60 minutes. The mixture is then cooled to -20 
to -15°C.and N- methyl morpholine (NMM) (0.025 equivalents) and methanesulfonic acid (0 05 
eqmvalent) are added. Ethyl chloroformate (1.17 equivalent) is then added and the mixture 
stirred for 1 to 2 hours, thus resulting in the mixed anhydride (V). 

The amino- and carboxy- protecting groups are removed by methods well known in the art. 
Examples of conditions for the removal of these two types of protecting groups can be found in 
standard works on the subject, such as E. Haslam, "Protective Groups in Organic Chemistry", J. 
G. W. McOmie, Ed., Plenum Press, New York, N.Y., 1973, Chapters 2 and 5, and T. W. Greene, 



"Protective Groups in Organic Synih-ris M , John Wiley and Son ;, Now York, N.Y., 19G1, 
Chapters 5 and 7, respectively. 

T he acylation lmuhod in the present i -iverilion comprises uk-uUi^ I1k j cooled free amine mixture 
(IV) to the mixed anhydride (VIIl) over a period of 10-20 minuter., while keeping the internal 
reaction temperature between -20° and -10°. The reaction Is stirred for r>0 minutes. 

For deprotecting the protected amino and protected carboxy jjnoup, a mixture of concentrated 
HC1 in water (2:1) at a temperature o; 0° to -10°C, is added drop wise to the acylation solution 
(III). Zinc dust (3.5 equi valents) is then added keeping the temperature from about 0° to +5°C. 
Temperature was raised to 20-25°C. The mixture is stirred for 60 minutes at 20-25°C and semi- 
carbazids hydrochloride (1.15 equivalents) is added, followed by 2.0-60 minutes of stirring. The 
pH is adjusted to 2.9-3.0 with 28% aqueous ammonia and the mature is filtered and washed 
with N-methyl pyrrolidcne. The pH is adjusted to a 4.8 to 5.0 using 28% aqueous ammonia. 
Solid separates from the solution and the reaction mixture is stirred for 30 minutes, and the pH is 
continuously adjusted to 5.3-6.2. The temperature of the mixture is lowered to 20-25°C and 
added n polar ;;oivc;ii uuch a*, aceconiuiio to it said aiinvd > ;^o«^r 30 minutes before bdi»3 
filtered. The cryst?.ir. nre collected by filtration, ov \ *k<<j>\ 'o yv? M-meth\i pyrrolidone 
monobydyato solvere onorncart'»jf. 

The process disclosed results in high yields of compounds of formula II yields, (> 90%). 

\i will be understood that the listing thr subslitueote is c>:r-rnpkrry and not exhaustive, and 
equivalents are e?q>' cted to be encompassed by the spirit of the invention. 

As mentioned above, mono N-methyl pyrrol idone monohydrate solvate of loracarbef is useful 
as an intermediate to loracarbef monohydrate. Surprisingly, the loracarbef monohydrate 
prepared from the mono W-methyl pyrrol idone inonohydraie solvate of loracarbef is found to 
have a bulk density equal to or greater than 0.6 g/ml. 

The monohydrate is prepared suspending mono N-methyl pyrrolidone monohydnilu solvate of 
loracarbef in water. The most common procedure is io effect solution of the starting material by 
(he addition of a minimum amount of acid, generally 6N (or more dilute) hydrochloric 
acid. Temperature oi die solution was raised to about 50° C and slowly added 28% ammonia 
solution to the solution until a pH of approximately 4.5-4.8 is obtained. The gradually 



develops suspension is stood and ma.nW.sd « about 50" C, during the addition of the bass 
The warm pH-adjnsic-d suspension (50-Q is cooled ,o approximate* 20°C, s,irred, filtered 
such as on Buohner runnel) and me coUected sofid dried, at 40-45'C to yield crystalline 
loracarbefmonohydrate having bulk density equal to or greater than 0.6g/ml. 

to the allowing seetion preferred embodiments are described by a way of examp.e to illustrate 
the process of the invention. However, these are no, intended in any way to U, the scope of 
the claims. 

in the following Example, the tenns nuclear noetic resonance spectra, mass spectrum and 
infrared spectroscopy are abbreviated NMR, MS and IR, respectively. 

In conjunction with the NMR spectra, the following abbreviations are used: V is singlet »d» is 
doublet, »t» is triplet, »q» is quartet, and »m" is multiple!. " ' ~ 

The NMR spectra were obtained on a Bruker (DRX 300) 300 MHz instrument. The chemical 
shifts are expressed in ppm values (parts per million downfield from tetramethylsilane). 



EJL^lViiPLE 1 



Step A : 

Preparation ofN-niethyl morphohne salt 



To a nuxture of N-methyl pyrrolidine (60 ml) and N-methyl morpholine (3.0 g) added p- 
mtrobenzyl 7 P-amino-3-chloro-l-carba (l-dethi,)-3-ce P hem-4-carboxylic acid hydrochloride 
(10.0 g) over 15-20 minutes at -20 to -15°C. The reaction mixture was stirred for 60 minutes 



StepB: 

Preparation of mixed anhydride 



The Na/K Dane salt (VII) (9.5 g) was suspended in N-methyl pyrrolidone (120ml) and stirred 
for 30-35 minutes. The reaction mixture was cooled to -20 to - 15°C and added methane 
sulphonic acid (0.15 g) and N-methyl morpholine (0.08 g) to it. Ethyl chloroformate (3.3 g) was 
further added in one portion and stirring was continued for 60-90 minutes at -10 to -15»C. 



7 



Step C : 
Condon: ation : 

N-meihyl morpholine hydrochloride solution contain?.^ the free amine obtained From 
Stop A. was slowly added to the mhod anhydride obu;;n«d iY«,m Stop B ni -2u° «o -10»C 
in 15-20 minutes. The reaction mixture was stirred for 60 minutes. Cone. HO in 1 hO (28 
ml in 14 ml HfeO) was added drop wise at -10° to 0°C to diprotected lorncarbcf follow^ 
by adding zinc powder (6.0g), while maintaining the temperature from 0° to +5-C. The 
temperature was raised to 20-25-C and stirred the reaction mixture for about 60 
minutes. Semicaibadde hydrochloride (3.3 g) was added and the stirring was 
continued for 30 minutes. The pH of the reaction mixture was adjusted to 2.9 to 3.0 
with 28% NHz solution and then filtered it. The filtrate was washed with N-rnethy! 
pyrrolidone (50 ml) ax.d adjusted the pH at 4.3 to 5.0, solid was separated from the 
solution, stirred the mixture for 30 minutes and finally adjusted the pH at 5.3 to 6.2. 
The reaction mixture was cooled to 20-25'C. added acetoniirile (60ml) and stirred for 
another 30 minutes, ft was then filtered and !he solid uw dried under «. A,r;n u . -He 
mono Id-methyl pyrrolido..* monohydrate solvate of te^carbef (>ich was 
characterised on the basis of the data given below. 

HMR (300 MHz) (s>: 7.4 (3, 5W, ArH), 5.3 <d, 1H, pMactam), 5.2 <s, IH, CH, Ph). 3.C3 <rn, 1& 
P-Iaclam), 3.3-3.42 (t, 2H, due to N-methyl pyrrolidone)., 2.72 (s. 3H, M-CH^, due io MMP), 
2.46-2.53 (ni, 2H, CH 2 ), 2.32-2.37 (t, 2R. doe to NMP), 1.90-1.95 <m, 2H, clue io MMP), 
i.55(m, 1H, CH), 1.18-1.22 (rn, IH, CH) 

Moisture content (by KJF): 5.0% v/Av 

IR (KB* disc): 2930 - 3650 (s, and broad) 17S0, 1720, 1690, 1600.. 1530, 1460, 1400, 



y-liny Powder DiiTinciion rJ-.i.-jInol on .-. Rjgpl;,, fRfNT 2000) incinimon: with nicUJ-fil'.oiul 
copper radiation (Cu:l H) of wavelength lambda 1.5406 Angstrom. The inierplau:- spring arc 
in the column marked "d" and arc in Angslromu and the relative intensities are in (he column 
marked "1/1, ". 
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EXAMPLE 2 

Preparation of loracarbef monohydrate from mono N-methyl pyrrolidone monohydrate solvate 

Loracarbef mono N-methyl pyrrolidone monohydrate solvate (10.0 g) was suspended in water 
(30 ml). 12N hydrochloric acid (1.0 ml) was added to obtain a clear solution. Added activated 
carbon (1.0 g) and stirred the reaction mixture for 30-40 minutes. The suspension was then 
filtered and washed with water (30 ml). Temperature of the filtrate was raised to 50-55°C and 
slowly adjusted the pH at 1.8 - 1.9 with 8% NH 3 solution. The reaction mixture was stirred for 
30 minutes at 50-55°C and adjusted the pH to 4.5 to 4.8 slowly in 30-35 minutes with stirring at 
50-55°C. Stirring continued for additional 30 minutes and then slowly cooled to 20-25°C. The 



9 



slurry wvs wstthc-d v/iih waicr. The calrc was dried in sir over* ;it 40-45°C to yield crysta'ljn-3 
Ionic -»rb'?f uiOMohydraU- (5.0 g) having bull: density greater than 0.0 g/ml. 

IR, riivi:* and X-Huy diJlraclioii pattern oi the crystalline loiacarbcf munohydrtite matches wiih 
the authentic samples of crystalline lorecoxbef rnonohydrate. 

Dated this i0 T<! day of December, 2002. 

For Ranbajry Laboratories Limited 
Company Secretary 
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